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ABSTRACT
The results of a comprehensive study of the comparative perform-
ance characteristics of geometrically similar vented and unvented bi-
stable amplifiers, together with their actual dimensions, are presented.
The Reynolds number in the tests ranged from 9,750 to 60,000, Mach
number from 0.07 to 0.42, and the power jet velocity from 75 to 460
ft/sec. Each amplifier as conceived and designed was capable of giving
a maximum of geometric flexibility which enabled a systematic evaluation
of the shape and location of the splitter plate and Coanda-walls. It
was found, within the range of Reynolds and Mach numbers tested, that
certain gain characteristics and the range of operation of a given un-
vented amplifier overlap, within a narrow range of P /P
q
and Q /Q_
values, with the corresponding gain characteristics
and the range of operation of the vented amplifier. It was also found
that a convex-walled amplifier with proper geometry exhibits consider-
ably better performance characteristics than are normally associated
with such devices. Finally, a new bistable amplifier with vents located
in the load ports has been introduced.
This task was supported by:
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1 . 1 GENERAL COMMENTS ON BISTABLE AMPLIFIERS
Bistable fluid amplifiers are devices that can perform as
logic and computing elements in miniaturized fluid circuitry.
The research in the past decade has shown that there are numer-
ous parameters which affect the static and dynamic performance
characteristics of a bistable amplifier. Among those most criti-
cal are the wall offset, control nozzle width, output size, dif-
fuser angle, wall angle, wall shape, splitter shape, width and
location, vent size and location, wall length, aspect ratio,
output flow, and the Reynolds and Mach numbers.
Wall offset affects the pressure recovery, the amount of
control flow necessary to switch the amplifier, the attachment
distance, and the stability of the amplifier, particularly under
fully blocked output-port conditions.
Control nozzle width changes the pressure recovery consider-
ably, particularly for control nozzle widths between 0.5 and 1.5
power nozzle widths.
The variation of the final exit width, which also changes
the diffuser area ratio, has, in general, little effect in the
range of 7 to 10 nozzle widths.
The diffuser angle causes a small variation in pressure re-
covery for diffuser angles between 5 and 10 degrees. The opti-
mum value is approximately 7 or 8 degrees.
The wall angle has considerable effect on the pressure re-
covery. In fact, the recovery can drop by as much as 30 percent
of the maximum when the wall angle is increased from 10 to 15
degrees. Equally important is the wall shape. Various geometries
such as straight, concave, and convex have been used. It now
appears that a convex-walled amplifier offers considerably better
performance characteristics than are normally associated with such
devices.
Splitter shape, width, and location play major roles on the
performance of the amplifier. The position of the splitter, rela-
tive to the vents in a vented amplifier, is important for rela-
tively low output flows. For large output flows, the pressure re-
covery is relatively independent of the splitter location. The
variation of the splitter width from zero to 2 nozzle widths has
a small effect on the pressure recovery at low output flows and
an apparent optimum value is approximately 1.5 nozzle widths.
When the splitter width is changed, other geometry is also changed
and it is not possible to determine the effects of the splitter
width independently. The splitter shape, such as sharp-edged,
straight-faced, or cusped, has profound effects on the pressure
recovery, vent flow, and the switching time. Among the various
splitter shapes studies in the literature, the one with a circu-
lar cusp offers the best pressure recovery and amplifier stability
[1, 2, 3]*.
Numbers in brackets designate references listed in the Bibliography
The vent size appears to be important only for low flow
rates. As the vent size is reduced, the maximum pressure re-
covery increases. However, it is important to note that the
highest pressure recovery (obtained with a fully blocked load
port condition) requires a sufficiently large vent to prevent
premature switching. This indicates the existence of an opti-
mum vent size. It appears that this optimum is about 3 nozzle
widths.
For low output flows, an increase in the wall length from
7 to 11 power nozzle widths can lower the pressure recovery by
about 20 percent. At large output flow rates, the wall length
is relatively unimportant.
The past and present experiments have shown that the pres-
sure recovery is nearly independent of the aspect ratio in the
range of 2 to 4. The signal-to-noise ratio is, however, signif-
icantly affected by the aspect ratio. For \/ery small aspect
ratios (0.5 to 1 ) , the length of the potential core of the power
jet and hence, the noise free region of the jet considerably in-
creases with decreasing aspect ratio. An engineering compromise
between the signal-to-noise ratio and the pressure recovery indi-
cates an aspect ratio of about 1.5.
Evidently, the pressure recovery increases with decreasing
output flow. Operation with blocked load port is possible only
with vented amplifiers. It should be noted in passing that the
question of the location of vents, as to whether they should be
located in the vicinity of the splitter plate or within the load
port, will be discussed later.
The effects of Reynolds and Mach numbers are indeed exceed-
ingly complex not only on the flow in the interaction region but
also on the development of flow in the nozzle. The development
of the laminar or turbulent boundary layers in the nozzles and
its subsequent effect on the jet reattachment depend not only on
the Reynolds number based on the width or the hydraulic radius
of the nozzle but also on the Reynolds number based on the length
of the nozzle. For very short nozzles, the boundary layers are
underdeveloped and hence negligible relative to the nozzle width.
For very long nozzles, the flow is fully developed by the time
it reaches the nozzle exit. For such a jet, the virtual origin
of the jet is significantly altered and the characteristics of
the jet reattachment, jet curvature, and the entrainment inter-
face are changed. Evidently, the effect of the Reynolds number
is small provided that the boundary layers are thin as compared
with the nozzle width.
In order to arrive at the optimum values of the parameters
cited above, it is necessary to either build a very large number
of amplifiers, each of which has a fixed-geometry, or to build a
single amplifier with a maximum of geometric flexibility in which
the value of the various parameters can be systematically varied.
Obviously, the construction of a large number of models would be
quite expensive and extremely time-consuming. Almost as diffi-
cult are the problems involved in the construction of an ampli-
fier with flexible geometry, not the least of which are the leak-
age problem and the problem of providing suitable inlets and
outlets for the control jets and load ports. Nevertheless, the
use of a variable-geometry amplifier is the best and perhaps the
only systematic means of studying the characteristics of an ampli-
fier.
The development of a variable-geometry amplifier is, in turn,
based on water table studies where the various components of the
amplifier could be moved or changed easily. The simplicity
afforded by the water table or the hydraulic analogy, however,
is somewhat offset by the qualitative nature of the results. Des-
pite that, considerable time and effort are saved by the analogy
in the preliminary design of various types of amplifiers.
Several sets of amplifiers were developed in the present in-
vestigation through the use of a 2 ft. wide and 6 ft. long water
table. The details of the experimental equipment and procedure
and the measurements made were described in references [4, 5, and
6]. Upon the completion of the mostly qualitative and partly
quantitative water table studies, three sets of two-dimensional
variable-geometry bistable amplifiers were built and each set was
tested with or without the vents for different arrangements of
various components and for different velocities, with air as the
working fluid.
1.2 OBJECTIVES
The overall objective of this research program was to develop,
through analysis and experimentation, stable and high-performance
bistable amplifiers with or without vents and to establish rela-
tionships between the gain characteristics of a vented and un-
vented, geometrically similar, bistable amplifier. It is found
that due to a lack of any general analytical work on designing
a unit with optimum static and dynamic performance characteristics,
the technique developed in this work is the only possible method
of optimizing such a bistable unit.
2. EXPERIMENTAL EQUIPMENT AND TEST PROCEDURE
The schematic diagram of the test set-up used for most of
the experiments with air is shown in Fig. 1.
Once the particular supply flow as set by means of the
valve in the power jet line, the load restrictor valves in both
load ports were fully opened and the pressures and flow rates
recorded. Then the load restrictor valve in the active side
load port was partially closed to permit less flow through
that port and the pressures were again recorded. This procedure
was continued with step by step closure of the restrictor valve
until the flow out of the active port was completely stopped or
when the jet switched under the active port loading. Subse-
quently, the supply flow rate was changed and the experiments
were repeated as outlined above with both open and closed con-
trol ports
.
The amount of control flow required for switching was de-
termined as follows: A desired flow rate was set for the power
jet, and both load ports were left fully open. The valve for
the control port on the active side was then opened until there
was sufficient flow in the port to switch the power jet to the
opposite wall of the interaction region. This quantity of flow
was then recorded. Subsequently, data points were taken with
the active port load restriction valve at settings ranging from
wide-open to fully shut-off in order to simulate the complete
range of expected load effects ranging from simple piston loads
to loads presented by the control ports of other logic elements.
Experiments were then repeated with different power jet veloci-
ties and interchanging the roles played by the active and pas-
sive load ports for both the vented and unvented amplifiers.
It is important to note that when the flow in a vented ampli-
fier was directed toward the active port (port-A), the passive
port (port-B) remained at ambient pressure or slightly lower
due to suction, and opening or closing the passive port had no
effect on the flow and pressure in the active port, indicating
an effective decoupling between the two load ports. Decoupling
was equally effective when the flow as directed toward the
port-B due to symmetry of the design. It was also observed that
varying the restriction in the passive port had no effect on
control pressures and that raising control flows to any level
short of that needed for switching the jet had little or no
effect on the output.
3. CHARACTERISTICS OF THE AMPLIFIERS WITH LONG
NOZZLES AND VARIOUS DESIGN CONSIDERATIONS
Initially, three sets of variable-geometry amplifiers with rela-
tively long nozzles were developed through the use of the hydraulic
analogy and each set was tested for different arrangements of various
components and for different velocities. Each unit had an aspect
ratio of four with a throat width of w = 0.25 in. Figures 2, 3, and
4 show the general design of each set and the dimensions of the partic-
ular unit which exhibited the highest gain characteristics relative to
all other units in a given set. Figure 5 shows the design details of
the splitter plate, Coanda-walls, and vents. It is apparent that all
three sets finally had, with the exception of the Coanda-walls, identi-
cal geometrical characteristics to yield highest performance character-
istics relative to all other units in their class.
The first set (Fig. 2) is a straight-walled vented or unvented
amplifier. Figures 3 and 4 show concave Coanda-wal led and convex
Coanda-walled vented or unvented amplifiers. These two sets of ampli-
fiers were included in the tests partly to determine whether the con-
clusions reached regarding the comparative performance characteristics
of vented and unvented straight-walled amplifiers were valid for other
types of bistable amplifiers and partly to determine whether it was
possible to achieve higher gains by suitably curving the Coanda-walls.
As will be seen later, the tests have provided affirmative answer to
both queries.
Most of the researchers in the field of fluidics have dealt with
straight-walled amplifiers as far as the bistable amplifiers are con-
cerned. Although several studies have been conducted (references [7 and 8])
on the separation of a fluid jet from a curved wall, the results
were not incorporated into the development of bistable amplifiers.
It was, therefore, natural to investigate the effect of curved
Coanda -walls on the performance of a bistable amplifier and in
particular to find out if the stability and pressure recovery of
the amplifier could be significantly increased.
Rechten [9] modified the straight Coanda-walls with concave
curves and argued that the fluid pressure on the outer wall will
have its highest values due to an interaction of the primary and
secondary flows. However, the results reported herein have shown
conclusively that the effect of such secondary flows and concave
walls on the stability and pressure recovery of a bistable ampli-
fier is practically insignificant and, under certain circumstances,
measurably adverse. This result is not unexpected for the follow-
ing reasons. In the interaction region of the amplifier, the
energy, and consequently pressure, is lost by turbulent mixing
and by wall shear forces. Since the loss due to mixing is signifi-
cantly greater than the loss due to wall friction, pressure recovery
depends to a large extent on the size of the attachment bubble.
Hence, smaller pressure recovery at a given downstream position is
obtained for a turbulent jet if the jet is attached to the wall
further downstream, as in the case of a concave-walled amplifier.
If, on the other hand, the jet is attached to the wall as soon as
possible after leaving the nozzle, as in the case of a convex-walled
amplifier, then it is possible to reduce the energy loss, to make
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use of the favorable alterations of the velocity profile along the
curved wall, and to significantly increase the pressure recovery.
The unfortunate fact, however, is that the pressure recovery, flow
gain, and the stability do not all work in the same direction. In
general, the greater the pressure recovery, the lower the gain and
the larger the gain, the lower the stability. Although the problem
is complex and the number of parameters involved is rather large,
the range of values that these parameters can take on is surprisingly
small. It is because of this reason that the use of a variable-
geometry amplifier enables one to systematically vary these parameters
within the range of their variability in arriving at an amplifier with
good pressure recovery and stability characteristics.
4. DISCUSSION OF THE RESULTS OBTAINED
WITH THE FIRST SET OF AMPLIFIERS
4.1 COMPARATIVE PERFORMANCE CHARACTERISTICS OF VENTED AND UNVENTED
AMPLIFIERS
Figure 6 is a composite graph which compares the pressure recov-
eries for the closed control port operation, of vented and unvented
straight-walled amplifier shown in Fig. 2. A typical throat velocity
of 300 ft/sec (Re = 39,000, M = 0.273) was chosen for the comparison.
It is observed that the pressure recovery for the vented version of
the unit decreases steadily from values above 0.7 at zero active
port flow of 0.45. The pressure recovery for the unvented amplifier
begins with values of approximately 0.7 at Q /Q = 0.35 and decreases
steadily to values of about 0.1 for the maximum active port flow of
about 1.05. In other words, the values for the unvented amplifier
are, under comparable conditions, extensions of the vented version
of the same amplifier. This does not , however, mean that the re-
ceiver pressure-flow characteristics of the unvented amplifier are
identical with those of the vented amplifier for normalized receiver
pressures less than approximately 0.70. As a matter of fact, it is
only within a narrow range of P /P (0.67 to 0.70) and Q /Q (0.35 to3
o s o s
0.45) values that the characteristics and the range of operation of
the two amplifiers overlap. It is apparent that the vented amplifier
under consideration does not yield Q /Q values larger than approxi-
mately 0.45 due to loss of flow through the vents and the unvented
amplifier does not operate for Q /Q
s
values smaller than approximately
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0.35 due to the switching of the amplifier under the resulting
active port loads. Thus, to assume that an unvented amplifier
can operate throughout the flow range of a vented amplifier or
vice versa is entirely unfounded and leads to erroneous interpre-
tations of the characteristics of the amplifiers. Experiments
have shown that these conclusions are equally valid for open con-
trol port operation and for all other power jet velocities tested.
Fig. 7 shows the power recovery versus pressure recovery for
the vented and unvented versions of the same straight-walled ampli-
fier for the same throat velocity of 300 ft/ sec. It is seen again
that the power recovery extends, as might have been anticipated,
from a narrow range of common pressure recovery factors to left
and right for the unvented and vented operations, respectively.
It is in this comparison that a serious shortcoming of the vented
amplifier is recognized. The unvented unit has, for the same
throat velocity, higher power recoveries . However, this power
recovery advantage may be offset by the fact that the unvented
amplifier is load sensitive whereas the vented amplifier is load
insensitive. The significant fact is that the addition of vents
in itself does not, with the exception of rendering the unit load
insensitive, radically alter the nature of the performance of the
amplifier, but rather shifts the range and values of significant
performance parameters.
4.2 C0NCAVE-C0ANDA WALLED AMPLIFIER
Fig. 8 shows the pressure recoveries for the closed control
port operation, of the vented and unvented concave-walled amplifiers
13
Once again it is apparent that the pressure recovery curve of the
unvented concave-walled unit is an extension of its vented version.
As pointed out earlier, however, the performance of even the best
concave-walled unit is inferior to that of the straight-walled unit.
Evidently, curving of the walls away from the interaction region,
and hence increasing the size of the interaction region and the
attachment bubble, does not improve the characteristics of a bistable
amplifier. This conclusion has been reached not only on the basis of
the data shown in Fig. 8 but through a series of experiments with
other nozzle velocities ranging from 75 to 460 ft/sec. Additional
data are not presented for this configuration since it does not
deserve further consideration for practical applications.
4.3 C0NVEX-C0ANDA WALLED AMPLIFIER
The pressure recovery factors for the third set shown in Figs.
9 through 11 for throat velocities of 75, 300, and 490 ft/sec for
both the open and closed control port modes. Also shown in these
figures is the ideal pressure recovery curve for the open control
port operation.
The idealized pressure recovery is determined by assuming the
subsonic power jet of an ideal gas (no boundary layer effects)
decelerates isentropically along the curved walls, the pressure at
the exit plane of the power jet to be atmospheric, the power jet
flow rate Q , active port flow rate Q , and the flow lost through
the vents (Q - Q ). Then the velocities (assumed to be uniformly
distributed) in the nozzle and the active port become
14
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where t is the thickness or depth and w is the width of the power
jet nozzle. The width of the output ports is 1.5w as shown in
Figs. 2, 3, and 4.
Making use of Bernoulli's equation and ignoring the energy








s - " T " o ° -§- (2)
where P is the supply pressure or the dynamic pressure of the









which is the equation of the ideal recovery curve shown in Figs.
9 through 11. A similar calculation cannot be carried out for the
closed port operation since the pressure at the exit plane of the
power jet is unknown and cannot be determined without the detailed
consideration of the characteristics of the separation bubble.
It is apparent from Figs. 9 through 11 that the convex-walled
unit (with long nozzles and relatively large aspect ratios) presented
herein has good performance characteristics. It is also apparent
that, for a given vent and control port condition, the pressure-recovery
versus flow-recovery relation is practically independent of the Reynolds
and Mach numbers within the range of velocities tested (flow rate cor-
responding to V = 460 ft/sec was the capacity of the test system for
15
a prolonged test run.
)
Although the question of wall shape in bistable amplifiers has
received little attention, related previous studies, [10, 11], on the
deflection of plane jets by inclined flat plates and circular cylin-
ders have pointed out, among other significant differences, the effec-
tiveness of a circular convex -wall in sustaining the attachment of a
two-dimensional confined jet for larger angles of deflection. The
present study confirms not only the validity of these observations
but also the possibility of combining the effective jet-attachment
characteristics of convex-walls with bistable amplifiers for the
purpose of obtaining relatively larger pressure recoveries than are
normally associated with such devices. It should be noted in passing
that the curved convex-wall may possibly be replaced by multiple flat
plates. According to Von Glahn, [12], multiple flat plates cause
larger angles of deflection than a single flat plate.
4.4 CONTROL SIGNALS
Figure 12 shows the control flows required to switch the power
jet for both the vented and unvented versions of the convex-walled
amplifier. Despite the scatter of the data, it is apparent that
Q /Q is relatively unaffected by active port load pressure for
throat velocities ranging from 75 to 460 ft/sec. The data for
V
r
= 300 ft/sec, which fell between the data points for V = 75 and
s s
460 ft/sec, are not shown in Fig. 12 in order to simplify the perusal
of the figure.
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Figure 13 shows the variation of normalized control pressure
with pressure recovery for V = 75 ft/sec and V = 460 ft/sec for both
the vented and unvented versions of the amplifier. P /P is the
ca s
normalized pressure at the active-side control -port when both control
ports are fully closed. P /P is the normalized active-side control-
ca s
port switching pressure. When sufficient amount of fluid injected
into the active-side control -port, P /P rises to P /P and causesv
ca s cs' s
switching. Finally, Pj
d
/P,. is the normalized passive-side control
-
port pressure when both control ports are closed. In other words,
P, /P and P /P occur simultaneously at the corresponding control
dp s ca s J * 3
ports.
It is apparent from Fig. 13 that the control pressures are load
sensitive and rise slowly with increasing load or decreasing active
port flow. The memory of the vented-ampl ifier is not, however, affected
either by the load or by the closure of both control ports. Even for
the largest flow reported herein, the power jet remained attached to
the same sidewall when both control ports were closed.
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5. CHARACTERISTICS OF THE AMPLIFIERS WITH STREAMLINED
SHORT NOZZLES AND DESIGN MODIFICATIONS
Following the completion of the tests discussed above and the
realization of the facts that the nozzle shape and boundary layers,
as well as the aspect ratio, have, as previously noted, profound
effects on the performance of the amplifier, a new amplifier with
the same interaction-region geometry but with an aspect ratio of
2 and short streamlined nozzles has been constructed. The details
of the nozzle geometry used for both the power and control jets are
shown in Fig. 14. In addition, the diffuser angle of the load ports
has been changed from zero to 7 degrees. Figure 15 shows a photo-
graph of the amplifier modified along the lines described above.
A series of tests has been carried out with this modified model
primarily for the purpose of determining the pressure-recovery factor
since the preliminary experiments have indicated that the control
-
flow characteristics of the amplifier did not significantly change
to warrant additional experiments beyond and above that presented in
Fig. 13.
The pressure-recovery versus normalized active-port flow for the
convex-walled, modified amplifier for open and closed control -port
operations and for a mean power-jet velocity of 300 ft/sec is shown
in Fig. 16. It is apparent from a comparison of Figs. 10 and 16
that the pressure-recovery of the modified model is relatively lower
primarily because of the following reasons. The supply pressure,
calculated through the use of the static pressure at the nozzle
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throat and the mean velocity of the power jet, is now relatively
larger than that for a long, straight nozzle due to the elimination
or the considerable reduction of the boundary layers. Secondly,
both the jet reattachment distance and the entrainment characteris-
tics of the jet have been changed due to the alterations of the jet
profile and the turbulence structure by eliminating the boundary
layers. Finally, the aspect ratio has been reduced from 4 to 2 with
the proven consequence that the length of the potential core has
been decreased. The combined effect of the consequence of these
changes on the reduction of the pressure recovery has not been mate-
rially offset by the increase of the diffuser angle of the load
ports. One is, therefore, inclined to conclude that an operational
bistable amplifier which must have short and streamlined nozzles and
relatively low aspect ratios (primarily because of the signal-to-noise
ratio considerations) cannot have (with the vents as located in Fig. 4)
maximum pressure recoveries in excess of approximately 0.75. It is,
however, significant to point out that the convex-walled bistable
amplifier is still superior in its performance to a geometrically simi-
lar straight-walled amplifier. This fact has recently been substanti-
ated by others [13] following the earlier suggestions made by Sarpkaya
and Kirshner [1], and Sarpkaya [2]. In fact, Ozgu and Stenning [13]
concluded, as previously pointed out by this writer [2] that the use
of a convex attachment wall permits the use of very low setbacks with
pressure recoveries higher than those for the straight-walled amplifier
without significantly altering the dynamic switching characteristics of
the ampl if ier.
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6. A BISTABLE AMPLIFIER WITH A NEW VENT CONFIGURATION
The vents in all the existing bistable amplifiers are located in
the vicinity of the splitter point or cusp. The experiments and simple
reasoning show that under near or fully blocked load-port conditions,
the flow in the vicinity of the vents and splitter are drastically
altered, the flow in the off-side of the amplifier increased, the pres-
sure near the vent on the on-side reduced near the ambient pressure,
and finally and perhaps more significantly, the flow captured by the
active load port includes that portion of the wall jet which includes
also the boundary layer flow. [11] In other words, the low energy
regions of the wall jet are not completely prevented from entering the
load ports. In order to partly alleviate this problem and partly to
make use of the otherwise favorable performance characteristics of the
jnvented bistable amplifiers, a new bistable-amplifier design has been
conceived. In this design (see Fig. 17), the vents are located at the
end of and within the load ports. The preliminary experiments have
shown that the amplifier is load insensitive, the flow in the vicinity
of the splitter plate is not disturbed, and more significantly, the
pressure recovery is relatively higher (about 0.85 for the fully
blocked output load-port condition.) A comprehensive study of the
static and dynamic characteristics of this new design is currently
underway and will be reported separately in the future.
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7. CONCLUSIONS
Data taken on cusped, vented and unvented, bistable amplifiers
of similar geometry, with the exception of Coanda-wal Is, have shown
that certain gain characteristics and the range of operation of a
given unvented amplifier overlap, within the range of Reynolds and
Mach numbers tested, with the corresponding characteristics and the
range of operation of the vented amplifier and that a bistable ampli-
fier with convex-Coanda walls yields higher pressure recoveries than
one with either concave or straight Coanda walls.
Secondly, the magnitude of the pressure recovery depends, among
other things, on the nozzle length and the aspect ratio of the ampli-
fier. Experiments show that short, streamlined nozzles and lower
aspect ratios tend to reduce the pressure recovery but increase the
signal-to-noise ratio.
Finally, a new bistable-amplifier design has been conceived and
preliminary tests have been carried out. It appears that the pro-
posed design will have superior performance characteristics relative
to those with vents located near the edge of the splitter plate.
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Fig. 1 Experimental lest set-up
Fig. 2 Geometry of the straight-walled amplifier
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Fig. 3 Geometry of the concave-walled amplifier
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Fig. 8 Pressure-recovery versus normalized active-portflow for a con-
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FIG. 16 Pressure-recovery versus normalized
active-port flow for the modified convex-
walled amplifier for closed control-port








1. Harry Diamond Laboratories
U. S, Army Materiel Command
Washington, D. C.
Attn: Mr. J. II. Kirshner (36 copies)
2. Dean of Research Administration
Naval Postgraduate School
Monterey, California (2 copies)
3. Department of Mechanical Engineering
Uaval Postgraduate School
Monterey, California (2 copies)
4. Prof. T, Sarpkaya
Department of Mechanical Engineering
Uaval Postgraduate School
Monterey, California (10 copies)
5. Dudley Knox Library
iJaval Postgraduate School





DOCUMENT CONTROL DATA - R&D
("Security classification of title hodyol abstract and indexing annotation must be entered when the overall report is classified)
ORIGINATIN G ACT|V|-ry (Corporate author)






THE PERFORMANCE CHARACTERISTICS OF GEOMETRICALLY SIMILAR BISTABLE AMPLIFIERS
4 DESCRIPTIVE NOTES (Type ot report and inclusive dates)
Final Report
5 AUTHORfS.) (Last name, first name, initial)
SARPKAYA, TURGUT
6 REPO RT DATE
17 July 1972
7a TOTAL NO. OF PAGES
37
7b NO OF REFS
13
8a CONTRACT OR GRANT NC
b. PROJEC T NO
9a. ORIGINATOR'S REPORT NUMBERfSj
NPS-59SL72071A
Harry Diamond Laboratories, U. S,
Army Materiel Command,
Washington, D. C. 20438
9 b. OTHER REPORT NO(S) (A ny other numbers that may be assigned
this report)
10 AVAILABILITY/LIMITATION NOTICES
Approved for public release; distribution is unlimited.
11. SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY
13 ABSTRACT
The results of a comprehensive study of the comparative performance
characteristics of geometrically similar vented and unvented bistable amplifiers,
together with their actual dimensions, are presented. The Reynolds number in the
tests ranged from 9,750 to 60,000, Mach number from 0.07 to 0.42, and the power jet
velocity from 75 to 460 ft/sec. Each amplifier as conceived and designed was
capable of giving a maximum of geometric flexibility which enabled a systematic
evaluation of the shape and location of the splitter plate and Coanda walls. It
was found, within the range of Reynolds and Mach numbers tested, that certain gain
characteristics and the range of operation of a given unvented amplifier overlap,
within a narrow range of Pn/P. and Q./Q. values, with the corresponding gain
characteristics and the range of operation of the vented amplifier. It was also
found that a convex-walled amplifier with proper geometry exhibits considerably
better performance characteristics than are normally associated with such devices.
Finally, a new bistable amplifier with vents located in the load ports has been
introduced.













'.. ORIGINATING ACTIVITY: Enter the name and address
of the oTractor, subcontractor, grantee, Department of De-
se activity or other organization ' ^oryorad author) issuing
the report
?.n. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whe'hei
"Restricted Data" is included. Marking is to be in accord-
.t.-.c: w;th appropriate security regulat-orso.
26. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and A>-tned Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.
3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthosis
immediately following the title.
4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.
5. AUTHOR(S): Enter the name(s) of authors) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.
6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.
7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.
76. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.
8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.
86, 8c, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.
9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.
96. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).
10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those
imposed by security classification, using standard staterru ins
i-uch ac:
( i) "Qualified requesters may obtain copies of 'his
report from DDC'
•'2) 'Tori.',-:': announcement and dissemination of tnis
report by DDC is not -juthori^ed. "
(3) "U. S. Government agencies may obtain copies of
this -eport directiy from DDC. Other qualified DDC
users shall request through
(.4) "U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through
(5) "All distribution of this report is controlled. Qual-
ified DDC users shall request through
If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.
11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.
12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.
13- ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall
be attached.
It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (S), (C.\ or (U).
There is no limitation on the length of the abstract,
ever, the suggested length is from 150 to 225 words.
14.
How-
key WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required Identi-
fiers, such as equipment model designation, f rade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, roles, and weights is optional.
37 UNCLASSIFIED
. /-m : C: ~~.
U146266
DUDLEY KNOX LIBRARY - RESEARCH REPORTS
5 6853 01068094 5
rUl462-&
